Abstract: This paper examines the timing of protective action recommendations in relationship to the distance of wildfire to a threatened community using exploratory map animation. The 2003 Southern California Wildfires were animated to assist in understanding the complex interaction between fire progression and warnings to threatened communities. Exploratory map animation provides a useful post-event analysis platform for hypothesis generation. A new method is introduced for interpolating the distance from a wildfire to a threatened community using geospatial data. The results are used to examine incident commander decision-making in regards to the estimated time of arrival of a wildfire at a community. The exploratory map animations were successful in generating an intriguing hypothesis concerning the timing of protective action recommendations and the proportional distance of a wildfire to a threatened community. Following a wildfire, emergency responders can use exploratory map animation as a training tool to evaluate protective action recommendations of wildfires.
Introduction
Interest in wildfire hazard is growing due to an increase in large fires and exurban development in the wildland/urban interface ͑WUI͒ ͑Davis 1990; Greenberg and Bradley 1997; Cova et al. 2004͒ . Recent property losses and fatalities caused by the 2003 Southern California Wildfires, the 2002 Biscuit Fire in Oregon, and the 2002 Hayman Fire in Colorado highlight the need for research in wildfire emergency response and strategies to reduce human vulnerability. One aspect of emergency response is warning communities in the path of an advancing wildfire. For emergency responders, formulating protective action recommendations ͑PARs͒ ͑e.g., shelter-in-place, mandatory evacuation, and voluntary evacuation͒ is a challenging task due to the complex interaction of environmental factors and human response. These variables include biophysical components ͑e.g., topography, climate, soils, and fuels͒ along with the human dimensions of settlement ͑e.g., road networks, built environment, and defensible space͒, economic impact, and human behavior. The complex nature of these factors reinforces the need for further research on wildfire in order to reduce risk to people and damage to property ͑Mileti 1999͒.
Understanding the spatial and temporal relationship between hazards and PARs is crucial for reducing human vulnerability ͑Sorensen et al. 1995͒. This is especially the case for wildfires due to the nature of the hazard and the potential for rapid onset resulting in short warning times. One approach to improving our understanding of this type of event is to reconstruct a previous wildfire disaster to study its spatial and temporal dynamics ͑Hillhorst and Bankoff 2004͒, and the associated PARs that were made. Analysis can be performed on any prior event as long as there are sufficient data available.
The 2003 Southern California Firestorm was selected as the case study for this research due to the widespread impact on many communities. In the months of October and November of 2003, Southern California suffered a major wildfire outbreak. The fires affected Ventura, Los Angeles, San Bernardino, Riverside, and San Diego Counties and even crossed over the U.S.-Mexico border. The wildfires resulted in numerous evacuations that were commonly publicized which made this event an ideal candidate for developing an exploratory map animation ͑EMA͒ of wildfire progression and resulting PARs.
The purpose of this paper is threefold: ͑1͒ to present a method for animating PAR issuance during an actual wildfire; ͑2͒ to explain interpolation methods for measuring the distance of a wildfire to a threatened community at PAR; and ͑3͒ to demonstrate how an EMA environment can be used to generate intriguing hypotheses regarding wildfire PARs. In the "Background" section, we discuss PARs and EMA. The "Methods" section discusses data acquisition and associated techniques for reconstructing the 2003 Southern California Firestorm. A new method is described for interpolating the distance from an advancing wildfire to a community at the time a warning was issued. A second method describes a time-space plot for comparing the timing of PARs with the actual wildfire progression. A hypothesis is formulated concerning a decision maker's use of the proportional distance of a wildfire to a community in issuing PARs. The "Discussion" section reviews the results, assumptions, implications to emergency personnel, and areas for further research.
Background

Protective Action Recommendations
Research on human response to warnings in hazardous circumstances is extensive and is usually referred to as warning response and sometimes protective action decisions ͑PADs͒ ͑Sorenson 2000͒. The general focus of warning response and PAD research is on the human response to a warning based on factors such as warning source, previous experience, perceptual cues, social networks, and other inputs ͑Perry et al. 1981͒. But PAD may also refer to the decision-making process leading up to a PAR. PARs refer to actual warnings, which are given by local authorities and derived through a protective action selection process of threat assessment, hazard mitigation, and protective response ͑Lindell and Perry 1992͒. Example PARs include an order to evacuate or shelter-in-place. The primary focus of PAD/PAR research is formulating the stages of the decision-making chain in a conceptual model. This is the case for both the decision-making process of emergency managers and the human response to warnings. Path analysis is one technique that can be used to study the variables that affect the behavior of an individual that has received a warning ͑Perry et al. 1981͒.
Although many causal behavioral relationships have been thoroughly examined in this research arena, examples of the effect of the distance and travel time of a hazard to a threatened community on PAR have not been examined. This line of inquiry would provide a unique perspective into the decision-making process of first responders as an alternative to a survey instrument as used by Klein ͑1998͒ to obtain qualitative information. Example questions that can be posed include: ͑1͒ What is the distance of a wildfire to a threatened community at the time a PAR is issued? ͑2͒ Are there any patterns or trends in these distances? ͑3͒ What methods can be developed to aid first responders to conduct postevent analysis of wildfire and PARs? Pursuing these questions may improve decision-making and reduce the risk that wildfire poses to people and property. To address these questions, an appropriate means for rapid investigation of spatial and temporal data are required.
Exploratory Map Animation
Historically, maps have played an important role in visually communicating geospatial information about hazards and disasters ͑Monmonier 1997; Hodgson and Cutter 2001͒. Generally, maps are static and presented in printed form. In order to display changing information, an alternative approach is required to display spatial information in a computer environment as it changes over time. Maps in the form of animations play an important role in scientific visualization and cartography to display geographic change ͑DiBiase et al. 1992; Peterson 1994; Harrower 2004͒. Exploratory map animation is a form of exploratory visualization that can be utilized during the early stages of research. Exploratory approaches allow for insight into a research problem or question without a specific hypothesis in mind ͑MacEachren et al. 1992͒. Unlike the linear process of producing a final static map for communicative and presentation purposes, EMA is an interactive process where the aim is to repeatedly study a geographic phenomenon to generate hypotheses. It is important to point out that the goal of EMA is simply to explore data with the hope of generating hypotheses rather than to confirm any hypothesis or theory. EMA allows hazards researchers to explore spatial and temporal change in an interactive and potentially revealing manner.
Data
Study Area
The 2003 Southern California Firestorm was selected as the case study for this research due to its extensive impact on many communities and the amount of available data. The wildfires had a combined burned area of over 739,597 acres, resulted in 24 fatalities, employed 15,631 personnel, and caused upwards of $4 billion in damage ͑Blackwell and Tuttle 2004; Sellers 2004͒. More specifically, the areas selected for the study were the regions encompassing the Grand Prix and Old Fires in San Bernardino and Los Angeles Counties and the Cedar and Paradise Fires in San Diego County ͑Fig. 1͒. These fires resulted in numerous evacuations for which there were a fair amount of data.
Data Acquisition-Wildfire Perimeters
A significant amount of data layers ͑e.g., land use, road networks, and hydrological features͒ existed prior to the wildfires. Base maps were obtained from the Department of Geography at San Diego State University and Earth Systems Research Institute. After the event, several agencies published color-coded fire progression maps using a variety of data sources ͓e.g., moderate resolution imaging spectroradiometer ͑MODIS͒ satellite imagery and aerial photographs͔. These progression maps were of a reasonably high quality with frequent fire progression boundaries. The wildfire progression maps of the Grand Prix and Old Fires were obtained from the California Mountain Area Safety Taskforce ͑CalMAST͒ and the maps of the Cedar and Paradise Fires was obtained from the San Diego Tribune newspaper. The pro- 
PARs Data
The PARs data were more difficult to obtain because we needed information about the area to be evacuated, time of issuance, and the type of protective action ordered. A single source of information containing all the evacuation orders was not available. This fragmentation of data sources made it difficult to acquire standardized data needed for use in the animations ͑Thomas 2001͒. However, PARs data existed on the web sites of various cities and agencies, which were judged as reliable sources of primary information about the warnings. For the San Diego fires PARs data were more limited, so a combination of primary sources and news sources was used because of insufficient data. Similar to the fire progression maps, data containing the what, where, and when of evacuation orders were acquired and stored in a database to facilitate queries ͑Yuan 1999͒. It was evident from the start that a simple list of evacuations would not provide a good mental visualization of the complex wildfire dynamics and human behavior during the events.
Of the four fires in this study, PARs information about the Old Fire was more readily available than the other three due to the efforts of CalMAST and the USDA Forest Service who set up the Joint Information Center Web site to publicly share information ͗http://jicfire.calmast.org͘. In contrast, PARs information about the Cedar and Paradise Fires was sparse because San Diego County has a network of smaller fire departments with volunteer fire fighters rather than one central agency. For the Grand Prix Fire, evacuation boundaries were at a finer resolution than the scale of communities identified by place names. In some cases, the areas to be evacuated were specified by street boundaries. Below are sample PARs acquired from the City of Rancho Cucamonga's Web site ͗http://www.ci.rancho-cucamonga.ca.us/ grandprix/pdf/gpគtimeline.pdf͘. 
Methods
Animation Environment and Data Representation Methods
Current geographic information systems are suitable for analyzing and displaying geographic data but are not an appropriate environment for constructing animations. The ability to easily assign changes to graphic symbols was an important requirement in selecting an animation package. It was also important that the environment provide a means for representing dynamic geographic information and to alter properties like the tint and shape of features. The ability to handle temporal transformations, including discrete and infrequent data snapshot intervals, is an innate capability built-in to traditional animation software ͑Peterson 1994͒. The decision was made to perform this research in twodimensions instead of three-dimensions to reduce complexity and data demands. In addition, the ability to publish an interactive animation over the Internet was an important criterion for selecting the appropriate software ͑Steiner et al. 2002͒. One of the most common software environments for producing animations that can be published over the Internet is Macromedia Flash MX. Macromedia Flash MX has the ability to handle and visualize fire progression and PARs data in space ͑computer display͒ and time ͑computer iterations͒. Although more robust packages exist, this software met the necessary requirements for this project.
From the PARs data, five types of protective actions were identified: 1. Voluntary evacuations; 2. Mandatory evacuations; 3. Mandatory orders changed to voluntary evacuations, 4. Lifting of evacuations; and 5. Other types of protective actions ͑e.g., spontaneous, uncertain, and unconfirmed͒. While protective actions were issued for areas, these were all collapsed to points because information about the boundaries of evacuations was not consistently available. Also, the geographic extent of the wildfires was large enough that a point seemed a better choice than a tiny area on a map. Although variable pointsizes to indicate a quantity ͑e.g., population͒ could have been used ͑Koussoulakou 1994͒, it would have added complexity to the animation while providing limited increase in information.
Variations in color to appropriately represent qualitative information were utilized in these animations ͑Fig. 3͒ ͑Brewer 1994͒. Red was assigned for mandatory evacuations to represent and communicate "alarm" of a hazardous situation ͑e.g., flashing red lights of an emergency vehicle in most of the United States͒. A community that was issued a PAR was assigned a looping animation consisting of nested rings that radiated outwards from a center point. The intent was to grab the attention of the viewer and produce an alarming effect while communicating a message to "get out" of the area ͑Fig. 4͒. The directionality of ring radiance was an important design consideration.
For voluntary evacuations, the color yellow was used to indicate caution ͑Fig. 5͒. An animation loop was used to repeatedly communicate an "alert." This was further aided by the use of rings radiating outwards but also back inwards to infer directionality of movement in and out of the affected area. When a mandatory evacuation was changed to a voluntary evacuation, the event was represented by the color green to indicate the ability for residents to reenter a previously evacuated area ͑Fig. 3͒. However, the center point remained yellow to continually indicate a voluntary evacuation status. In some circumstances, there were uncertainties in the PARs data and these were represented by a ring of points ͑e.g., Cedar fire͒ to symbolize uncertainty in the quality of the data ͑Fig. 3͒. As previously mentioned, fire progression maps with boundary information for at least one daily snapshot of the fire perimeter were acquired. A color-coding scheme was developed to visualize state changes ͑e.g., the transition from a burning area to a burned area͒ ͑Fig. 6͒. The color red was used to indicate the most active fire condition. The use of the state change approach aided in representing data uncertainty ͑Monmonier 1997͒ and accounted for the possible existence of sporadic "hot-spots." The time intervals preceding the most active fire were sequentially represented by the following colors: orange, tan, and gray.
Creating a smooth animation of wildfire progression using discrete daily snapshots was challenging. A method for filling in the empty frames within an animation was required. Fortunately, in almost all animation software, there exists a process called, "tweening" ͑Catmull 1978; Reeves 1981͒. The term tweening is short for in-betweening, which is the process of producing intermediate frames between two images to give the appearance that the first image evolves smoothly into the second. There are three types of tweening: ͑1͒ changing from one shape to another, ͑2͒ transformations of tint ͑color and transparency͒ and ͑3͒ motion ͑from one location to another͒.
Displaying the initial "birth" or appearance of a fire polygon was challenging because an instantaneous display of a polygon would be distracting and not reflective of actual fire spread. The solution was to tint tween the transparency ͑alpha value͒ of a polygon ͑Fig. 7͒ in a qualitative/sequential approach ͑Brewer 1994͒, which gradually and sequentially generates a polygon in space using a qualitatively assigned color. Most graphic software packages offer the functionality to control the alpha value in addition to the red, green, and blue ͑RGB͒ values. This is denoted by the acronym RGBa.
The final animations were displayed in an interactive environment and are viewable over the Internet at the Web addresses: ͗http://www.geog.utah.edu/~cova/evac64.swf͘ for the Grand Prix and Old fires and ͗http://www.geog.utah.edu/~cova/evac50sd.swf͘ for the Cedar and Paradise fires ͑Kim and Cova 2004͒. A user interface was developed to provide basic control of the timeline using the principle of least effort to reduce any barriers between the user and the information ͑Lindholm and Sarjokoski 1993͒. Computer mouse events allow the users to stop, rewind one frame, rewind to start, fast-forward one frame, and fast-forward to the end. 
Interpolation of Shortest Distance Between Fire Perimeter and PAR
The animation provided a framework to perform simple geographic analysis of the interaction between wildfire progression and PARs. From a planimetric view, we needed to determine the shortest distance from a community to a wildfire at a given time to measure the approximate distance of a wildfire to a community when a PAR was issued ͑Fig. 8͒. To derive this distance, an interpolation method was developed to estimate the distance at the time of evacuation order based on the known distances of two bracketing points in time and their associated distances to the community from the fire perimeter.
The interpolation equation for determining the shortest distance of a fire perimeter to a community at a given time is
, shortest-distance of the wildfire to the community at the time that the PAR was issued; d 1 = shortest distance from the wildfire to the community before the PAR; d 2 = shortest distance from the wildfire to the community after the PAR; t = time that the PAR was issued; t 1 = time of the last known fire perimeter corresponding to d 1 ; and t 2 = time of the next known fire perimeter corresponding to d 2 .
The right side of Fig. 9 depicts a special case where the endpoint of the interpolated distance line lies outside of the fire boundary. To handle this case, we propose measuring the distance along the fire contour from point t 1 to t 2 to determine a proportional length for interpolating the approximate distance of a wildfire to a community.
Results
Histogram of Interpolation Distances
The initial research question was descriptive in nature: what is the typical distance between a wildfire and community when a PAR is issued in an actual wildfire? The interpolation method was used to calculate the distance of the wildfire from a community for every PAR that was issued in the study. The mean distance of PARs issued during the Grand Prix and Old Fires is 9.55 km ͑n =32͒ with a standard deviation of 7.74 km ͑Table 1͒. A histogram for the Cedar Fire was not practical because of the fire's fast rate-ofspread resulting in nonstandard PARs and high data uncertainty. Fig. 10 shows that 78% of the PARs occurred when the fire perimeter was between 0 and 12 km from a community in the case of the Grand Prix and Old Fires. The remaining 22% of the evacuations were issued when the fire was greater than 18 km from a community. This second group was more precautionary than urgent and occurred after the fire had been burning for some time. This would indicate that the incident commander ͑IC͒ was getting more cautious in issuing PARs as the fire progressed.
Time-Space Plot
Drawing a straight line from a fire origin to a community allowed us to estimate a fire's average speed toward the community for each reach between successive known fire perimeters ͑Fig. 11͒. Plotting the distance and time of each reach with the PARs data resulted in a graph of fire rate-of-spread and evacuation orders Fig. 9 . An interpolation technique for estimating the shortest distance of the fire to a community ͑Fig. 12͒. A reach is the distance the wildfire traveled in a given time period between successive observations of its perimeter. The graph can be used to derive the estimated time of arrival ͑ETA͒ of the wildfire to a community when a PAR was issued, assuming that all variables remained constant. In cases where the slope of the line to a community is steep, the fire was moving rapidly toward a community and the IC had less time to issue a PAR. When the slope is very steep, residents may have not received a warning and may have taken spontaneous protective actions like sheltering-in-place. This was the case in the Cedar Fire where some residents sheltered in their homes, pools, and a nearby reservoir. Other examples include residents who were ordered to sheltered-in-place at the Barona Casino and Valley Center residents who sheltered at the Valley View Casino ͑Gross 2004͒. The graph shows that for communities with a shallow sloped line, the fire was moving much slower.
Another question that can be addressed with time-space plots relates to the difference between what a fire actually did following a PAR versus what was predicted. If two points are plotted on a fire progression trajectory ͑Fig. 13͒, one representing the point of initial consideration P 1 and the second representing PAR issuance P 2 , a line ͑L 1 ͒ is produced that can be used to compare the actual behavior of the fire with the resulting PARs. For example, in Fig.  13 , a PAR was issued ͑P 2 ͒ when the fire was approximately 9.5 km from a community and moving at approximately 0.8 km/ h from P 1 at a slope slightly steeper than 45°. However, the fire progression toward the community slowed following the PAR. This is evident if a line ͑L 2 ͒ is drawn between P 2 ͑manda-tory evacuation͒ and a community because this line has a shallower slope which indicates a slower average rate of spread.
The plots are an interesting tool for performing graphic analysis in hindsight. PAR time-space plots can provide insight into the decision-making process of ICs, however, it is important to view these results as a small component of the entire decision-making process. The graph does not take into consideration an IC's prior experience ͑apperception͒ and the decisions based on apperception ͑satisficing͒, the effects of small group dynamics, knowledge of factors that could affect wildfire behavior ͑e.g., forecasted in- Fig. 10 . Histogram showing the distance of wildfire to a community and frequency of warnings in the Grand Prix and Old Fire   Fig. 11 . Measuring the approximate fire spread distance from a fire to a community ͑Cedar Fire͒ crease in wind speed͒, the characteristics of the community ͑e.g., population, exit capacity, livestock͒, and also the prior knowledge of the variability of human response to warnings ͑e.g., sociocultural, sociodemographic, and socioeconomic factors͒ ͑Klein 1998; Tierney et al. 2001͒ . The most novel facet of these plots is that spatial and temporal analysis performed after a fire can be used to visualize and reveal generalized, yet intriguing insights into the relationships between an actual wildfire progression and PARs.
Hypothesis about Proportional Distance
Using the distance calculations from the EMAs, we were able to formulate hypotheses and produce bivariate plots to preliminarily test them. One interesting hypothesis relates to the use of proportional distance by ICs in issuing evacuation orders. For this plot, points that were located in the same designated place boundaries and shared the same warning times were aggregated and an average distance value was used. Fig. 14 shows that PARs occurred when the fire perimeter traveled at least 35% of the distance to a threatened community from the fire origins. This indicates a possible threshold ͑or tipping point͒ for an IC when deciding to order an evacuation that may be based mainly on proportional distance. This implies that PARs issued when a threat is less than 35% of the distance to a community might be too expensive ͑i.e., potential economic loss and inconvenience to residents͒ despite the potential benefit in terms of protection of life. In addition, the plot indicates that most of the precautionary evacuations occurred when the fire perimeter was greater than 35% but less than 50% to a threatened community ͑Fig. 15͒. Example communities that fall into this category include Lake Arrowhead, Big Bear Lake, Southern Hesperia, Julian, and Rancho Cucamonga. Lastly, most of the urgent PARs issued when the fire was between the 75 and 100% of the proportional distance to a community fell into one or more of the following categories: ͑1͒ the community was close to the fire origin ͑e.g., Ramona, San Diego County Estates, and Barona͒, and ͑2͒ there was a sudden change in fire behavior resulting in directional change or increased rate-of-spread ͑e.g., San Ysabel, Alpine, and Descanso͒ ͑Table 2͒.
Discussion
The Cedar Fire animation showed the rapid spread of fire in a southwesterly direction, indicative of the role that strong Santa Ana winds had in the fire's advancement ͑Kim and Cova 2004͒. The Old Fire progressed in a northeasterly direction towards the ridgeline of the San Bernardino Mountains but was slowed by Santa Ana winds blowing in an opposing direction. In this case, the winds helped keep the fire at bay and provided enough time for firefighters to reorganize and relocate to mount a heroic effort along the Rim of the World highway to protect the communities The animations indicated some anomalies relating to the timing of actual warnings as in cases where frequent transitions between the types of PARs occurred and where PARs should have been issued but no data could be located. This could be a result of insufficient data, inaccurate data, map generalization, or error propagation and indicates areas that require further investigation ͑Monmonier 1991; Hodgson and Cutter 2001͒ . If these anomalies are true, they may provide insight into areas that need improved warning systems and evacuation plans. However, with the exception of the lack of time available for issuing PARs in the early hours of the Paradise and Cedar fire, the animations show that for the data available, most of the warnings were issued in a timely manner and substantially reduced the potential damage to life and property.
We have presented the key steps of producing an EMA and introduced several spatial analysis techniques relating to PARs. First responders may find it beneficial to use the techniques as a simplified exercise to evaluate their decision-making process in hindsight and develop improved tools to inform their preparedness and response training. The main point of the hypothesis describing the proportional distance of a wildfire to a community is that it raises the question of the role that distance may subconsciously play in emergency manager decision-making. This is in contrast to an optimized and rational approach considering the estimated time of arrival of wildfire to a community that is based on various geophysical factors and biophysical components. ICs and researchers can use the EMA process to evaluate the timing of PARs under a range of time constraints and strenuous circumstances. This is especially relevant in understanding incident complexity involving multiple fires ͑e.g., exceeding boundaries and jurisdictions with differing agency policies͒, priority setting, response strategy, and resource availability that were cited as important issues raised by the 2003 firestorm ͑Blackwell and Tuttle 2004͒.
The following process explains the post-event EMA analysis procedure: The above process is not explicit from the traditional conceptual progression of initial hypothesis to interpolation to a final hypothesis. However, an exploratory animation environment may simplify the initial hypothesis generation process by clarifying highly complex data pertaining to multiple events through a visual communication medium.
A number of research directions can be pursued based on the preliminary findings from the EMAs. The EMA can be developed into a table-top exercise for training emergency personnel in issuing PARs and for measuring their performance during a simulated exercise to affect the preparedness of emergency personnel. Additional research could include biophysical variability ͑e.g., wind, fuel, and terrain͒, variation in the types of communities that were issued a warning and visualizing the events in a threedimensional environment. Cova et al. ͑2005͒ have developed a method for generating evacuation trigger boundaries based on the dynamic variability of several key variables associated with fire progression and evacuation time. Although the trigger points are produced prior to a wildfire event, inevitably with improvements in real-time data acquisition, a decision support system ͑DSS͒ could be developed to provide emergency managers with a tool for performing these analyses during an event ͑response phase͒ instead of before or after an event ͑Armstrong et al. 1986; Mileti 1999; Hodgson and Cutter 2001; Cova et al. 2005͒ . Up to date data layers including the physical geography of an area and seasonally adjusted fuel load information along with near real-time data about wind and humidity are some of the data requirements for a real-time DSS. But an important piece of the DSS puzzle is more frequent and accurate acquisition of fire progression boundaries. This can be achieved through several means such as, more frequent aerial flyovers, remote-sensing techniques, and in situ sensors that can transmit real-time locations of wildfire. Such tools would enhance the effectiveness of first responders who perform computer supported collaborative work ͑Kim 2000; Cai et al. 2004͒ while situated in an emergency operations center or deployed in a disaster-affected mobile command center.
Conclusion
The purpose of this paper was threefold: ͑1͒ to present a method for animating PAR issuance during an actual wildfire; ͑2͒ to explain interpolation methods for measuring the distance of a wildfire to a threatened community at PAR; and ͑3͒ to demonstrate how an EMA environment can be used to generate intriguing hypotheses regarding wildfire PARs. We applied animation and spatial analysis methods to improve our understanding of PARs in actual wildfires. These methods may be used as a foundation to develop more robust tools to aid first responders in improving their preparedness and response to wildfire threats. Using the 2003 Southern California Firestorm as a case study, animations were produced to graphically display the relationship between wildfire progression and PARs. We demonstrated how animation could be used in an exploratory manner to perform spatial analysis and generate hypotheses.
Prior to the production of the external animation, a mental animation of the events was difficult to comprehend due to the complexity of the events. In comparing our initial confusion in attempting to understand the raw PARs data in a spreadsheet format with the effective presentation of the events offered by the animation, we judge this as a successful endeavor. The animations also helped us identify important questions to ask about the spatial and temporal dimensions leading up to a PAR. In conclusion, reconstructing disasters in an animation and conducting exploratory investigations appears to be a valuable tool for post-event analysis and should be considered a valuable tool in researching human vulnerability to any and all hazards. 
